in a random arrangement and in six repetitions were analyzed in the experiment. Experiment I was set up in Bałcyny (53º35'45'' N, 19º51'06'' E) in 1972 on lessive soil with the application of natural fertilizers, i.e., cow manure and slurry. Loam characterized by 5-7% silt and clay fractions is found in the arable layer of the soil. Experiment II was set up in Tomaszkowo (53º35'45'' N, 19º51'06'' E) in 1973 on brown soil with the application of natural fertilizer, i.e., pig manure and slurry. The arable layer contained loamy sand characterized by 2-2.5% silt and clay fractions.
The study compared the influence of natural fertilizers, i.e., manure and slurry (in two doses), and mineral fertilizers. In addition to farmland fertilized solely by means of natural fertilizers, the experiment also included land supplemented with mineral fertilization (PK). Phosphorus and potassium fertilizers were applied in amounts equivalent to half of the content of these elements used in the event of exclusive mineral fertilization. The design of both experiments was the same and assumed 8 study groups: no fertilization, slurry dose I (dI), slurry dose I + PK (dI + PK), slurry dose II (dII), slurry dose II + PK (dII + PK), manure, manure + PK, and mineral fertilization (NPK). The doses of slurry (dI), manure, and mineral fertilization were balanced with nitrogen. The second dosage of slurry (dII) was determined in such a way that the amount of organic carbon introduced along with it was equivalent to that of the manure dose. The average yearly doses of fertilizer components have been presented in Table 1 .
The following crop rotation was applied in the experiments: potato, spring barely + a mixture of red clover with grasses (in 2 rotations on lessive soil and one on brown soil), winter rapeseed, winter wheat + winter rye aftercrop, corn for silage, spring barely, winter or spring wheat.
The soil samples for the studies were collected after crops had been harvested, from the top layer of the soil (0-25 cm), after 34 years of annual fertilization. The contents of available forms of phosphorus and potassium were determined using the Egner-Riehm (DL) method, with magnesium content determined by means of the ASA method following extraction using a 0.0125 mol·dm -1 solution of CaCl 2 . Following the mineralization of soil in a (1:1) mixture of nitric (V) and chloric (VII) acid, total potassium content was established using the flame spectrometry method, total magnesium using the atomic absorption spectrometry (AAS) method, and total phosphorus using the Barton method. The total content of sulfur was determined using the method described by Butters and Chenery. The results were subjected to statistical calculations using the Statistica 10 software package. The results of each experiment were subjected to statistical analysis using Tukey's analysis of variance. The experiments were compared with the t-test for independent variables, assessing differences between the average results.
Results and Discussion
The influence of fertilization with slurry on total phosphorus content and the content of its available forms in soil has been presented in Table 2 . In the case of lessive soil in the experiment fertilized with cow manure and slurry, the average P-total content was 1.27 times higher than that of brown soil in experiment II, in which the soil had been fertilized with pig manure and slurry. The opposite situation occurred in the case of P-avail., the content of which in brown soil was 1.31 times higher than in lessive soil. The application of solely natural fertilizers in doses balanced with nitrogen and mineral fertilizers (NPK) had a significant influence on the increase of P-total and P-avail. in both types of soil. Manure was found to be the most effective of the above-mentioned fertilizers, whereas dose I of slurry (dI) had the weakest effect with the exception of P-avail. content in brown soil. The second dose of slurry (dII) was more effective in increasing the content of both forms of phosphorus when compared to the first dose (dI) of this fertilizer. Additional fertilization with PK supplementing the use of natural fertilizers had a positive effect on the phosphorus content in the analyzed soils. The average increase of P-total was found to be 0.07 g·kg -1 in lessive soil and 0.02 in brown soil, whereas the increase of P-avail. was 19 , respectively. The studies of many authors, including Kristaponyte [14] , Sienkiewicz at al.
[18], Nogalska et al. [19] , Li et al. [20] , Han et al. [21] , Vu et al. [22] , Mbah and Onweremadu [23] , Ullah et al. [24] and Olson et al. [25] , have confirmed the positive influence of applying manure, mineral fertilizers and organic-mineral fertilizers on the total and available phosphorus content. Fertilization also had a positive influence on the participation of P-avail. content in P-total. The average increase in the percentage share of this form of potassium in lessive and brown soil was found to be 2.6% and 2.4%, respectively, as compared to the control objects. Similar effects were obtained by Maltas et al. [9] when applying manure, slurry, and mineral fertilizers to soil for a period of 12 years. Table 3 contains numerical data representing the total content of potassium and content of available potassium in soils from the described fertilization experiments. The data show the average K-total and K-avail. content in lessive soil to be 1.42 and 1.95 times higher, respectively, than in brown soil.
The application of manure and slurry (dI) that had been balanced with nitrogen had a significant positive effect on K-total and K-avail. content in both types of soil. This increase was found to be higher in lessive soil than brown soil. Out of all of the fertilizers balanced with nitrogen, manure was found to have the most positive effect on the content of both forms of potassium. The influence of slurry applied in the second dose was lesser than that of manure with the exception of K-total in lessive soil. Additional fertilization with PK led to an increase in the content of both forms of potassium in the soils. The average increase in the content of K-total was equal to 0.44 g·kg -1 in the case of lessive soil and 0.19 g·kg -1 in brown soil, whereas K-avail. was determined at the respective levels of 49.0 mg·kg -1 and 20.1 mg·kg -1 soil. Fertilization caused the percentage share of available potassium in the total potassium content of brown soil to increase by 1.21% in relation to the control group, whereas the increase in brown soil was 0.58%. Sienkiewicz et al. [18] concluded that the application of manure for several years led to a three-fold increase in the available forms of potassium in soil as compared to the content determined after the application of mineral fertilization. The positive influence of organic fertilizers, including manure and slurry, on the soil content of available forms of potassium has been confirmed by long-term studies of Katkar et al. [26] , Shahid et al. [27] , and Maltas et al. [9] .
The influence of multi-year fertilization on the total and available magnesium content in soil has been illustrated by data compiled in Table 4 . The average content of Mg-total in lessive soil was 2.20 times higher, with Mg-avail. 1.73 times higher than in brown soil. Fertilization in doses balanced with nitrogen led to significant increases in the amounts of Mg-total. and Mg-avail., more so in lessive than in brown soil. Manure had the strongest effect, with mineral NPK fertilization having the least. The influence of the application of slurry in the second (higher) dose on the content of both forms of magnesium was lower than in the case of manure, and the difference was higher in experiment I. Additional PK fertilization resulted in an increase in both forms of magnesium. The increase in Mg-total concentration was higher in lessive soil, though Mg-avail. increased more in its brown counterpart. The percentage share of Mgavail. on fertilized plots of land decreased in lessive soil by approximately 0.27%, but increased in brown soil by 0.81% when compared to the control plots. According to Sienkiewicz et al. [18] , manure has a positive effect on the content of available magnesium. This fertilizer contains magnesium and has a beneficial effect on the sorption complex of the soil, preventing this element from being washed out.
A significant increase in the contents of potassium, calcium and magnesium in the surface layer of the soil after applying manure and slurry for many years was reported in the studies of Emeades [28] and Qian et al. [29] .
The total content of sulfur in the analyzed soils has been presented in Table 5 . As a consequence of applying natural fertilizers, S-total increased from 20.1-77.2 mg·kg -1 in lessive soil, and from 20.3-55.1 mg·kg -1 in brown soil. The dependence of sulfur content on soil properties in various multi-year fertilization systems have been confirmed in the studies of Boye et al. [30, 31] . Additional PK fertilization had a beneficial effect on S-total content, which increased on average by 18.9 mg·kg -1 in lessive soil and 8.4 mg·kg -1 in brown soil. Fertilization with NPK led to an increase in the content of this element in the above-mentioned types of soils by 11.0 mg·kg -1 and 5.3 mg·kg -1 , respectively. According to Kopeć and Gondek [32] , the content of sulfur in soil when this type of fertilization is applied depends on the dose and form of nitrogen. When applying organic and mineral fertilizers for a few dozen years, Förster at al. [33] determined a higher increase in sulfur content in the case of objects fertilized with manure, and found the increase to be dependent on the dose of this fertilizer. Table 6 presents the correlation coefficients occurring between the contents of various forms of macronutrients in lessive and brown soils. High correlation coefficients are a result of the phosphorus, potassium, magnesium, and sulfur contents of fertilizers. Lower coefficients between sulfur and the analyzed forms of macronutrients in brown soil may signify that this element is washed out from soil to a greater extent [30, 31] .
Of the applied fertilizers, manure was found to have the greatest positive effect on the content of the analyzed macronutrients. The obtained data were thus used to construct conversion factors for both doses of slurry and mineral fertilizers in relation to manure. The average values of the conversion factors were presented in Table 7 .
It is recommended that coefficients of fertilization doses be used in precision farming.
Conclusions
Long-term annual fertilization with manure, slurry, and mineral NPK fertilizers had a positive effect on the accumulation of total and available forms of phosphorus, potassium, and magnesium in soils, as well as total sulfur content. Among those fertilization doses balanced with nitrogen, manure had the most positive influence on the content of the above-mentioned macronutrients. NPK fertilization was not found to work as effectively as manure, whereas slurry applied in the lower dose had the least influence. The higher dose of slurry balanced with manure using organic carbon also was not as effective. Supplementary mineral PK fertilization applied along with manure and slurry had a significant positive influence on the content of the available forms of phosphorus, potassium, and magnesium in both types of soil, as well as the total sulfur content in lessive soil.
Significant positive correlations were confirmed between the analyzed macronutrients, with the exception of sulfur and the available forms of phosphorus and potassium in brown soil.
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